To report manifestations and management of tuberculosis of the foot and ankle in 21 children. Methods. Records of 12 girls and 9 boys aged 3 to 14 (mean, 7) years with tuberculosis of the foot and ankle were reviewed. The mean delay in presentation was 4.7 (range, 0.5-14) months. All the patients had local swelling, tenderness, and antalgic gait; 16 were limping; 5 had an antecedent trauma; 11 had an abscess; and 6 had a discharging sinus. The diagnosis was based on a smear positive for acid-fast bacilli (n=2), histopathology (n=15), or clinicoradiological findings (n=4). Nine patients had osteoarticular tuberculosis in other parts of the body. None had evidence of pulmonary tuberculosis. Lesions were classified into synovial (articular) and osseous. All 3 synovial lesions occurred in the ankle, 2 of which were at an advanced stage. Osseous lesions occurred in the calcaneus (n=5), metatarsal (n=5), talus (n=3), cuboid (n=3), medial cuneiform (n=1), and phalanx (n=1), and were sub-classified into stages 1 (n=3), 2
(n=5), and 3 (n=10) according to disease progression. All the patients were treated conservatively with splintage and chemotherapy. results. The mean follow-up period was 21 (range, 7-51) months. All the 3 patients with stage 1 osseous lesions showed healing within 6 weeks and had complete recovery of function. Four of the 5 patients with stage 2 lesions also showed complete recovery of function and reformation of bony trabeculations; radiological incorporation of sequestrum was obvious by 6 months in most patients. In patients with stage 3 lesions, healing was delayed and there was residual alteration in bony architecture and joint changes. Sclerotic changes and joint involvement also increased the likelihood of poor outcomes. However, none of our patients had any residual tenderness or foot deformity at the final follow-up. conclusion.
Outcome after non-operative treatment is good, provided the lesions are treated early.
introduction Tubercular involvement of the foot and ankle in children is uncommon (even in countries where the disease is endemic) and difficult to diagnose, because of non-specific clinical and radiological findings. [1] [2] [3] This results in a delayed diagnosis and advanced disease with poor outcomes. [4] [5] [6] We reviewed manifestations and management of tuberculosis of the foot and ankle in 21 children.
Materials and Methods
Records of 12 girls and 9 boys aged 3 to 14 (mean, 7) years who underwent treatment for tuberculosis of the foot and ankle between January 2005 and March 2010 were reviewed ( Table 1 ). The mean delay in presentation was 4.7 (range, 0.5-14) months. All the patients had local swelling, tenderness, and an antalgic gait; 16 were limping; 5 had an antecedent trauma; 11 had an abscess; and 6 had a discharging sinus. The mean erythrocyte sedimentation rate was 64 (range, 12-100) mm/hr. Total and differential leukocyte counts were within normal ranges.
Fine needle aspiration cytology (for those with an abscess), a trocar bone biopsy (for those with osseous lesions), an open biopsy to collect synovial and bone specimens (for those with joint involvement), and an edge biopsy of sinuses (for those with sinuses) were performed. The specimens were subjected to acidfast staining (Ziehl-Neelsen) and histopathological examination. Diagnosis was based on a smear positive for acid-fast bacilli (n=2), histopathology (n=15), or clinicoradiological findings (n=4). Nine patients had osteoarticular tuberculosis in other parts of the body. None had evidence of pulmonary tuberculosis.
Lesions were classified into synovial (articular) and osseous. All 3 synovial lesions occurred in the ankle, 2 of which were at an advanced stage. Osseous lesions occurred in the calcaneus (n=5), metatarsal (n=5), talus (n=3), cuboid (n=3), medial cuneiform (n=1), and phalanx (n=1), and were sub-classified into stages 1 (n=3), 2 (n=5), and 3 (n=10) according to disease progression ( Table 2) .
results
In early (stage 1) lesions, radiological changes were minimal or just showed osteopenia ( Fig. 1 ). Bone oedema indicated an osseous focus on magnetic resonance imaging. In advanced synovial/osseous lesions, destruction of bones was obvious. Scalloped lesions may form on adjacent articular surfaces, giving an appearance of 'kissing' lesions ( Fig. 2 ). 4 Coalescence of multiple intercommunicating joints may give the appearance of a rheumatoid mass. 4 In stage 2 lesions, there were features of spina ventosa ( Fig. 3 ) and cystic lesions (Fig. 4) . In stage 3 lesions, diffuse sclerosis involving the whole or part of the talar dome (n=2) and cuboid (n=1) was a unique radiological finding (Fig. 5 ).
All patients were treated conservatively with splintage and chemotherapy. For ankle lesions, patients were treated with immobilisation for 4 weeks, followed by ankle-foot orthosis and intermittent non-weight bearing range-of-motion exercises. For foot lesions, patients were treated with immobilisation for 3 weeks, followed by mobilisation as long as the pain was tolerable. Isoniazid, rifampicin, ethambutol and pyrazinamide were given for 2 months, followed by isoniazid and rifampicin for 10 months. Weight bearing was delayed up to 10 weeks for patients with advanced lesions in the ankle, hindfoot, and midfoot regions. Patients were followed up every 2 months.
The mean follow-up period was 21 (range, 7-51) months. After treatment for 3 to 4 weeks, pain usually subsided and non-weight bearing mobilisation was allowed. Sinuses healed in a mean of 6 (range, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] weeks. Other multifocal lesions healed concurrently. 
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In the 2 patients with advanced synovial ankle lesions, painless range of motion was restored but residual radiological changes were evident in adjacent bones (the distal end of the tibia and the talar dome).
All the 3 patients with stage 1 osseous lesions showed healing within 6 weeks and had complete recovery of function. Four of the 5 patients with stage 2 lesions also showed complete recovery of function and reformation of bony trabeculations; in most of these patients radiological incorporation of sequestrum was obvious by 6 months. In patients with stage 3 lesions, healing was delayed and there was residual alteration in bony architecture and joint changes. Sclerotic changes and joint involvement also increased the likelihood of poor outcomes. None of our patients had any residual tenderness or foot deformity at the final follow-up.
discussion
Tuberculosis of the foot and ankle in children is a rare manifestation of extra-pulmonary tuberculosis. In our hospital, about 500 cases of tuberculosis were treated annually, 30 to 50 cases of which were osteoarticular tuberculosis, of which 11% involved the foot and ankle. The common symptoms are pain, swelling, reddening, restriction of movements, and sometimes formation of abscesses and sinuses. 1 In our series, multifocal involvement of other bony regions was common (9 patients), which is consistent to another study. 7 According to presentation, the foot and ankle tubercular lesions can be classified into (1) granulomatous foci adjacent to a joint, (2) central granuloma, (3) primary haematogenous synovitis in isolation, and (4) tenosynovitis or bursal tuberculosis. 6 They can also be classified into (1) cystic, (2) rheumatoid, (3) subperiosteal, (4) kissing, and (5) spina ventosa. 4 Alternatively, tubercular osteomyelitis in children can be classified into (1) cystic, (2) infiltrative, (3) focal erosion, and (4) spina ventosa. 5 In 3 patients with advanced osseous lesions (stage 3), diffuse sclerosis involving the whole or part of the talar dome (n=2) and cuboid (n=1) was a unique radiological finding. This indicated avascularity of the bone resulting from a combination of fulminant infection of the bone and its vascular pedicle. Intraosseous vascular supply to the talar body is mainly 
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by the tarsal canal artery (a branch of the posterior tibial artery), its interruption may lead to talar dome avascularity. The same applied to the cuboid, when the transverse pedicle branch (a branch of the proximal lateral tarsal artery) supplying nutrient vessels to the cuboid is affected. 8 Another contributing mechanism was diffuse central venous occlusion following infection. 9 The involved bone may eventually collapse following avascular necrosis and surrounding stress. Further investigation is needed for the pathogenesis of this sclerotic entity.
Our proposed classification of osseous lesions has limitations. The sample size was small. The clinical presentation of our patients was not consistent and mimicked a variety of pathologies. Being a retrospective study, the timing of radiography was not standardised. Owing to variations in disease activity, radiological features may have overlapped and resulted in inter-observer bias. Moreover, variations in radiological features depend on the age of the child, host immunity, location of the tubercular foci (which could be in the metaphysis, diaphysis or epiphysis, articular or non-articular bone, margins of the joint capsules, or multifocal), treatments/ interventions, as well as the presence of sequestrum, bone sclerosis, and pathological fractures. 1, 3, 6, 10 Multidrug chemotherapy remains the mainstay of treatment, followed by active mobilisation to achieve good functional results. Healing and restoration of function is excellent in patients with early-stage lesions. In patients with advanced-stage lesions, the prognosis is poorer and associated with residual bone changes and restriction of movements. Treatment should continue for a minimum of 12 months, 1, 4, 6, [11] [12] [13] as minor injuries secondary to bare foot walking (common in developing countries) may alter immunity of the foot and induce recurrence of old dormant foci. 6 Longer durations of chemotherapy have also been recommended.
Surgical intervention is indicated when bone destruction is advanced. Drainage of a tubercular abscess may be performed before or after the diagnosis. 14 Talectomy and tibiocalcaneal fixation with smooth pins attained a good outcome in a 7-yearold child with advanced tubercular destruction of the talus. 10 Curettage with or without bone grafting combined with antitubercular treatment also a successful method. 6, 12, 14, 15 Debridement, curettage, resection, and arthrodesis can be used to salvage foot function. 6 An external fixator can be applied temporarily to maintain the column length, while the bone is healing. 11 In our series, treatment was entirely non-operative except for the biopsy. All patients achieved recovery of foot and ankle function.
In our study, the follow-up period was short. In some patients, residual changes in the articular cartilage and epiphysis persisted after treatment. The epiphyseal centre and the articular cartilage in children can regenerate. 16 Almost all of our patients were yet to gain their pubertal growth spurt, longer follow-up studies are needed to determine development of the deformity and recurrence.
